The genera of Nearctic Agathidinae are revised based on a phylogenetic analysis of COI and 28S sequence data; 151 ingroup taxa are included. Three new genera are proposed, i.e., Aphelagathis Sharkey n. gen., Pneumagathis Sharkey n. gen. and Gelastagathis Sharkey n. gen.. The enigmatic species Agathis verticalis Cresson is identified and placed in Aphelagathis, Aphelagathis verticalis (Cresson) n. comb., and a neotype for the species is designated. Two species are described, i.e., Gelastagathis grisselli Sharkey n. sp. and G. frosti Sharkey n. sp. Two new combinations are proposed, Bassus spiracularis Muesebeck and Bassus brooksi Sharkey are transferred to Pneumagathis, Pneumagathis spiracularis (Muesebeck) n. comb., Pneumagathis brooksi (Sharkey) n. comb. An illustrated key to the Nearctic genera of Agathidinae is provided.
Introduction
Agathidinae is a moderately large subfamily of medium-sized to large Braconidae with 1,154 described species worldwide and 109 in the Nearctic (Yu et al. 2012) , although there are an estimated 2,000-3,000 species awaiting description worldwide (Sharkey et al. 2006) . The subfamily has a cosmopolitan distribution, but its members are more common in subtropical and tropical regions than in temperate areas. The history of the classification of the Agathidinae was summarized by Sharkey (1992) , and Sharkey et al. (2006) conducted phylogenetic analyses based on morphology and the D2-D3 regions of 28S rDNA. This is the fifth of a series of papers Sharkey & Stoelb 2013; Sharkey & Stoelb 2012; Sharkey et al. 2009 ) that reclassify what was once considered the genus Bassus (or Microdus, or Agathis s.l.).
Methods
Morphological terms. The length of the first metasomal tergite is measured from the apex of the tendon emanating from the propodeum to the posterior border of the tergite. Other terms are from Sharkey & Wharton (1997) and are matched to the Hymenoptera Anatomy Ontology (HAO; Yoder et al. 2010) . Identifiers (URIs) in the format http://purl.obolibrary.org/obo/HAO_XXXXXXX represent anatomical concepts in HAO version http:// purl.obolibrary.org/obo/hao/2011-05-18/hao.owl. They are provided to enable readers to confirm their understanding of the anatomical structures being referenced. To find out more about a given structure, including images, references and other metadata, use the identifier as a web-link, or use the HAO:XXXXXXX (note colon replaces underscore) as a search term at http://glossary.hymao.org. In this paper, terms are linked to the ontology in the results section, each couplet of the key, and in the first description of a taxon (genus Aphelagathis). From this point forward, only terms that do not appear in these areas are hyperlinked. Taxon sampling. To produce phylogenetic analyses showing the relationships among agathidine genera, we pulled exemplars of each genus from a larger data set of agathidine COI and 28S sequences. We began by examining a Bayesian analysis of a data set that included over 900 OTUs, and picked OTUs from each genus that (1) had as complete COI and 28S sequences as possible and (2) showed maximum variation (branch lengths). This resulted in a data set of 163 OTUs (Appendix I) that includes 20 described genera (134 OTUs), two genera described herein (17 OTUs), and three other braconid subfamilies as outgroups (12 OTUs). DNA extraction, PCR and sequencing. DNA was extracted from individual legs with the QIAGEN DNeasy Blood and Tissue Kit using the animal tissue protocol (QIAGEN Inc., Chatsworth, California, USA). The nuclear 28S, regions D2-D3 (~600 bp), rDNA and mitochondrial COI genes (~650 bp) were amplified with the 28S primer pairs 28SD2F (Belshaw & Quicke 1997) and D3R (Harry et al. 1996) and the COI primer pairs LepF1 and LepR1 (Hebert et al. 2004) . A few of the 31 Lytopylus terminals had only a short region of COI that was amplified by the primers LepF1 and Crem155R (Tucker et al. 2015) . For COI, PCR was conducted using Takara reagents, with each reaction consisting of 1X buffer, 0.3 mM nucleotides, 0.4 μM of each primer, 0.625 U Takara Ex Taq, ddH2O, and 1-3 μL template DNA in a total reaction volume of 25 μL. The thermal cycling protocol had an initial denaturation period at 95 °C for 2.5 min, followed by 40 cycling steps which denatured at 95 °C for 30 s, annealed at 44 °C for 30 s and extended at 68 °C for 45 s, with a final extension step of 72 °C for 7 min. For 28S, PCR reactions consisted of Qiagen 1X buffer, 4 mM MgSO4, 0.3 mM dNTP, 0.4 μM of each primer, 1.00 U Qiagen Taq, ddH2O, and 1-3 μL template DNA with a total reaction volume of 25 μL. Thermal cycling was as above except annealing at 53 °C, extending for 70 s, and a total of 35 cycles. To determine reaction success, PCR products were electrophoresed in 1% agarose stained with ethidium bromide. PCR products were outsourced for Sanger sequencing either by the Advanced Genetic Technologies Center (University of Kentucky, Lexington, KY) or Beckman Coulter Genomics (Danvers, MA, USA) using labeled dideoxy-nucleotides with ABI 3730, Big-Dye Terminator mix v. 3.0 or with ABI PRISM 3730xl, BigDye Terminator mix v. 3.1 (Applied Biosystems, Foster City, California, USA).
DNA assembly and phylogenetic analysis. Bi-directional sequences were aligned and edited using Geneious Pro (v. 6.1.5; Drummond et al. 2009 ) and multiple alignments were assembled using MAFFT (v. 5; Katoh et al. 2006) Bayesian inference (BI) phylogenetic analyses were conducted on a concatenated (using MacClade v. 4.08; Maddison & Maddison 2000) 1,362-character data set (COI = 724 nt, 28S = 638 nt) with MrBayes (v. 3.1.2; Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) . The data were partitioned by gene region and codon position for COI (total of 4 partitions) and jModeltest (v. 12.9.0; Posada 2008 ) was used to determine the best-fit model for each partition (COI 1 st position: GTR+G, COI 2 nd position and 28S: GTR+I+G, COI 3 rd : HKY+I+G). To allow each partition to have its own set of parameter estimates, revmat, tratio, statefreq, shape, and pinvar were all unlinked during the analyses. To obtain the most accurate branch length estimates possible, the option prset ratepr = variable (assigns a separate branch length parameter for each partition) was employed as per the recommendations of Marshall et al. (2006) . Two independent, simultaneous BI searches were run for 10 million generations, saving a tree every 1000 generations, with four search chains each. The average standard deviation of split frequencies fell below 0.02 at 5.2 million generations and finished at 0.011. The 5001 post-burn-in trees from each run (10,002 total), determined by examination of the log probability of observing the data by generation plot with Tracer (v. 1.5; Rambaut & Drummond 2009 ), were used to calculate the majority rule consensus tree (Supplemental Figure 2) . A 20-replicate maximum likelihood (ML) analysis was conducted with GARLI (v. 2.01; Zwickl 2006) using the same partitioning scheme and model assignments as the BI analysis (above). The parameter estimates from the search replicate that obtained the tree with the highest log-likelihood value were fixed in a 350-replicate ML bootstrap analysis (Felsenstein 1985) using default settings. Nodal support values from the Bayesian tree and ML bootstrap analysis were plotted on the tree of highest log-likelihood ( Fig. 1 ) with congeners and members of the same subfamilies (outgroups) collapsed into a single terminal each using FigTree (v. 1.4.2; Rambaut 2006) . The data sets analyzed herein are available from the authors upon request.
Results
Phylogenetic Considerations. Figure 1 is a ML phylogenetic tree, based on COI and 28S sequence data, of a large sampling of agathidines from around the world. It is more complete than those presented by and Sharkey et al. (2006) , however it is not meant to be a comprehensive phylogeny of the world agathidine genera; rather the primary goal was to justify three newly proposed genera. The trees from the analyses of this data set are shown as follows: Bayesian tree of highest posterior probability (Supplemental Figure 1) ; Bayesian consensus tree (Supplemental Figure 2) ; Maximum likelihood tree (Supplemental Figure 3) ; Maximum likelihood bootstrap tree (Supplemental Figure 4) . FIGURE1 . Tree of highest log-likelihood from 20 ML search reps of the total evidence data set (new genera in bold-faced type). All outgroup subfamilies and previously described genera are collapsed to single terminals with the number of OTUs in each collapsed clade in parentheses. The length of the triangles indicates the branch lengths from the root of the node to the tip of the longest branch. Bayesian posterior probabilities are placed above the branches and ML bootstrap probabilities are below. The complete topology of this tree and the BI consensus, and ML best and bootstrap trees are shown in Supplemental Figures  1-4 .
Two of the new genera, Pneumagathis and Aphelagathis, belong in a clade that includes three other genera, Neothlipsis, Camptothlipsis and Zamicrodus. There are no obvious morphological synapomorphies for this group although all genera except Pneumagathis lack a pair of distinct carinae on the first metasomal median tergite. Pneumagathis, Aphelagathis, and Zamicrodus are the only agathidines with hesperiid Lepidoptera (skippers) as hosts. Species of Zamicrodus and Aphelagathis are also similar in the lack of microsculpture on the first metasomal median tergite, and deep smooth notauli. Contrary to the results presented here, a more comprehensive analysis may demonstrate that these character states are autapomorphies for a sister-group relationship between the two. Generally, the postulated relationships among Zamicrodus, Neothlipsis, Pneumagathis and Aphelagathis are poorly supported (Fig. 1; Supplemental Figs. 2, 4) . Members of Neothlipsis and Camptothlipsis are similar morphologically in granulate (see couplet 15A) or coriarious sculpture on the first metasomal median tergite; the former are exclusively Old World in distribution and the latter New World. Members of both genera attack a wide range of small Lepidoptera, e.g., Tortricidae, Crambidae, Pyralidae, and Coleophoridae , and are much smaller than species of Zamicrodus, Pneumagathis and Aphelagathis. It would not be surprising to discover a closer phylogenetic relationship between these two genera given a more comprehensive set of OTUs and markers.
We could not obtain molecular data for Gelastagathis and therefore, it was not included in the phylogenetic analysis. It is a highly unusual genus of Agathidinae in the shape of the clypeus and labrum, and in the large temples, which undoubtedly contain large mandibular muscles. The clypeus projects forward and the labrum is deflected into the oral cavity making the oral cavity appear to be cyclostome (Fig. 3d) . Like Agathirsia and Crassomicrodus the mandibles are long and thick, and not dorsoventrally compressed as in members of all other known agathidine genera. Unlike the aforementioned genera the spines at the apex of the hind tibia are not modified but are peg-like as in most other agathidines. The morphological evidence suggests that Gelastagathis is near Agathirsia and Crassomicrodus and that it is not derived from within either of these. Exact placement must await molecular evidence for this rare genus.
Key to the Nearctic genera of Agathidinae.
1.
A 
Taxonomy
Aphelagathis Sharkey NEW GENUS (Fig. 2) .
Type species. Aphelagathis verticalis (Cresson 1872) NEW COMBINATION.
Diagnosis. First median tergite smooth lacking microsculpture and carinae; tarsal claws simple with a large basal lobe; notauli deeply impressed and lacking sculpture; frons not margined by carinae.
Description. Head. Lateral carina on frons (as found in members of Alabagrus) absent; interantennal space with a raised triangular prominence, or weak dull median carina; gena not extended ventroposteriorly into sharp prominence; gena lacking sharp angle posterad eye; mandible dorsoventrally flattened; labial palpus with 4 segments, third segment reduced and less than ½ length of apical segment. Mesosoma. Propleuron weakly to strongly convex ventrally but lacking a sharp bump; notauli deeply impressed, smooth, lacking pits and crenulae; median lobe of mesoscutum prominent; posteroscutellar depression absent but sculpture sometimes present in this area; propodeum mostly smooth with a pair of irregular, diverging, longitudinal carinae, defining a medial region; sclerite between hind coxal cavities and metasomal foramen narrow but complete, its ventral margin situated ventral to dorsal margin of hind coxal cavities. Legs. Fore tibia lacking dull pegs; mid and hind tibia with blunt apical or preapical pegs; all tarsal claws with truncate basal lobe. Wings. Fore wing RS+M vein mostly absent; second submarginal cell triangular and petiolate; fore wing 3RSb straight and strong throughout; hind wing r and rm cross veins absent; hind wing vein CUb tubular as a short stub with a long pigmented non-tubular extension; wings weakly to strongly infuscated. Metasoma. First median tergite smooth, longer than wide apically, and lacking pair of longitudinal carinae; second and third median tergites smooth; second tergite with or without curved transverse depression; ovipositor about as long as metasoma, slightly thickened preapically (Fig. 2a) .
Biology. There are two new host records; both are on skippers (Hesperiidae). A series of specimens of A. verticalis from Louisiana were reared from Ancyloxypha numitor, the least skipper. An undescribed species of Aphelagathis from Guanacaste Provence, Costa Rica was reared from Morys valerius valda feeding on Homolepis aturensis (Poaceae) (http://janzen.sas.upenn.edu/Wadults/resultsexpressVOUCHcopy.lasso).
Diversity and Distribution. The only described species, Aphelagathis verticalis (Cresson) is widespread in the southeastern USA south of southern Ohio and Illinois and west, at least to Texas, the holotype locality. A. verticalis has the most northerly distribution; other species (There are about 10 species in the collection of the senior author) are found in the southwestern USA, and Mexico south to Costa Rica and east to the Cayman Islands.
Etymology. From the Greek agathis, meaning "ball of thread", and the Greek apheles, meaning "smooth". The latter word is a reference to the smooth surface of the first metasomal median tergite (Fig. 2c) . The gender is feminine. (Fig. 2) .
Aphelagathis verticalis (Cresson) NEW COMBINATION

Microdus verticalis Cresson 1872
Notes. The type specimen of this species is lost. It was not found by Muesebeck (1927) for his revision of North American Agathidinae (as Braconinae), nor has it been discovered since, which is not unusual for Cresson types. In the University of Kentucky Collection there is a specimen of A. verticalis collected in 1894 and identified by Ashmead as Microdus verticalis. This specimen and others that appear to be conspecific with it fit the Cresson (1872) description very closely, including details on patches of melanic color, size, and sculpture. We therefore take the opportunity to designate a neotype for the species. The original type was collected in Texas by G.W. Belfrage, but no further information is included in Cresson's (1872) original description. We do not have a series of specimens collected in Texas and since we believe it desirable to include COI barcode data, when possible, for type specimens we selected a recently collected specimen from Kentucky (Fig. 2) , rather than older specimens that are closer to Texas, e.g., Louisiana.
Presently we do not fully understand the limits of the species. As mentioned above, a series of specimens from Louisiana was reared from Ancyloxypha numitor, the least skipper. The distribution of the host extends from Florida in the southeast to east Texas and northwestern Mexico in the southwest, north to southeastern Saskatchewan and east to the Atlantic provinces of Canada. Presumably pale (mostly yellow), gracile specimens of Aphelagathis in this range belong to A. verticalis. The northern extent of specimens of A. verticalis in our possession is southern Ohio and Illinois, and we have seen no specimens from the northwestern range of the host. However any pale colored specimens captured in the Midwest or north will presumably belong to A. verticalis.
Difficulties in species delimitation begin in the southwest just outside the range of the host. In Arizona for example, there are specimens with similar coloration, size, shape etc. but which differ in subtle characters. We are presently barcoding many of these specimens and intend to revise the genus in the near future.
The following diagnosis will differentiate our present concept of A. verticalis, which excludes specimens outside of the range of the one known host.
Diagnosis. This is the only predominantly yellow species of Aphelagathis that resides in the middle and eastern regions of the USA. The only other relatively common species in the southeastern USA is undescribed; it is larger, and the head and mesosoma are entirely black. For specimens in the southwestern USA and Mexico the species limits are not clear, and resolution of this problem must await a molecular approach. This species is yellow except for black as follows: antenna, patch on dorsal region of head extending from antennal bases to inside ocellar triangle, apex of hind femur and apex of hind tibia, most of hind tarsus. The preceding is the most common color combination but specimens may also have black in the following areas: entire vertex and occiput, base of hind tibia, propleuron and anteroventral patch of pronotum. Black color on the body of the head may be completely absent, or absent except for small patches on the frons at the base of the antennae. Male specimens from southern Illinois (and Tennessee) are more melanic with the propodeum mostly to entirely black (Fig. 2b) , first metasomal median tergite slightly darkened, and apical terga (5-8) mostly melanic. These specimens also have more extensive black on the head and mesosoma, but both the meso and metasoma are predominantly yellow in all specimens. A specimen from Tennessee has about 1/3 of the mesopleuron weakly melanic. Other specimens: 34 specimens from the neotype locality are deposited in HIC as are 10 specimens from a swamp in southern Illinois and one specimen from Tennessee. Specimens collected in Florida are deposited in FSCA, UCFC and CAS. The series of specimens from Louisiana reared from Ancyloxypha numitor are deposited in the USNM.
Molecular data. H7463 (COI: ATRMK461-11); H7697 (COI: ATRMK434-11, 28S: KP943715); H7739 (COI: ATRMK458-11); H11323 (COI: KP943636). (Figs. 3, 4) Type species. Gelastagathis grisselli Sharkey sp. n.
Gelastagathis Sharkey NEW GENUS
Diagnosis. Mandibles thickened, not dorsoventrally flattened. Head wide with temples expanded. Ventral margin of clypeus projecting from surface of face and mouthparts appearing cyclostome. Apex of hind tibia with unmodified cylindrical pegs. Metasomal median tergites lacking carina and microsculpture. The mandibles are similar to those of Agathirsia and Crassomicrodus as is the lack of sculpture on the metasoma. Members of Gelastagathis can be differentiated by the shape of the clypeus, head, and tibial pegs.
Description ♂. Head. Temple robust and head wide; lateral carina on frons (as in members of Alabagrus) absent; interantennal space with slightly raised pyramidal prominence; gena not extended ventroposteriorly into sharp prominence; gena lacking sharp angle posterad eye; clypeus projecting anteriorly, ventral margin concave or straight; large space between clypeus and mandibles, thus appearing to have the cyclostome condition; mandible robust, thick and cylindrical, not dorsoventrally flattened; labial palpus with 4 segments, third segment more than ½ length of apical segment; apical antennomere lacking nipple-like process. Mesosoma. Propleuron weakly convex ventrally and lacking a sharp bump; mesopleuron mostly smooth and shining, sculpture restricted to small pits in sternaulus; notauli impressed and mostly smooth with distinct to very weak pits posteriorly; posteroscutellar depression absent and sculpture absent in this area; propodeum mostly smooth to entirely rugose, with pair of weak diverging longitudinal carinae that define a medial area; sclerite between hind coxal cavities and metasomal foramen narrow but complete, its ventral margin situated ventral to dorsal margin of hind coxal cavities. Legs. Fore tibia lacking dull pegs but some acute spines are thickened; mid and hind tibia with blunt apical or preapical pegs; all tarsal claws with basal lobe. Wings. Fore wing RS+M vein mostly absent; second submarginal cell triangular and petiolate; fore wing 3RSb straight and strong throughout; hind wing r and r-m cross veins absent; hind wing vein CUb tubular as a short stub with a long, pigmented, non-tubular, extension; wings weakly infuscated. Metasoma. First median tergite quadrate, only slightly longer than wide apically, smooth, lacking sculpture and carinae OR with weak longitudinal striae; second and third median tergites smooth, lacking any distinct depressions or sculpture; length of ovipositor unknown.
Biology. Based on the thick mandibles, it is likely that members have life histories similar to those of Agathirsia, which have similarly robust mandibles, and attack Lepidoptera that pupate in the ground; the mandibles are used to dig up to the ground surface after emergence (Pucci and Sharkey 2005) .
Distribution. Known from the two specimens of G. grisselli from Texas and one specimen of G. frosti from Massachusetts. Both species are described below.
Etymology. From the Greek agathis, meaning "ball of thread", and the Greek galao, meaning "laugh". The latter word is a reference to the projecting clypeus that makes the face appear amused (Fig. 3) . The gender is feminine.
Key to species of Gelastagathis Etymology. Named after E. Eric Grissell, one of the collectors of the type specimen, and inspired by the fact that his grand sense of humor is fitting with the generic name. Gelastagathis frosti Sharkey NEW SPECIES (Fig. 4) FIGURE 4. Gelastagathis frosti holotype ♂. a. lateral habitus. b. dorsal habitus. c. wings. d. propodeum and first metasomal tergum, arrows point to longitudinal carina on propodeum and striae on tergum. e. head frontal view, showing thickened mandible. f. mesoscutum, showing notauli.
Description ♂. Length. 5.3 mm. Color: Testaceous except for terminal metasomal segments black, antenna melanic, wings infuscate, propodeum melanic. Head: in frontal view 1.7 x wider than high (measured from top to apex of clypeus). Antennal flagellum with 27 flagellomeres. Mesosoma: Notaulus complete, smooth anteriorly, weakly pitted posteriorly. Hind tibia with 1 apical peg. Propodeum entirely rugose with two irregular longitudinal carinae defining a medial region. Metasoma: First median tergite with weak longitudinal striae. Second median tergite with a curved transverse groove.
Material examined. Known only from the holotype ♂: USA, Massachusetts, Natick, Sept. 1935, C.A. Frost. Approximately 42° 17'N, 71° 20'W and 50 m. elevation 
. (USNM).
Etymology. Named after the collector of the type specimen.
Pneumagathis Sharkey NEW GENUS (Fig. 5) Type species. Pneumagathis spiracularis (Muesebeck) NEW COMBINATION. Original combination = Bassus spiracularis Muesebeck (1927) . Diagnosis. Propodeal spiracle elongate (Fig. 5) ; first median tergite mostly smooth with two longitudinal carinae; frons not margined by carinae; tarsal claws simple with a large basal lobe. The only other agathidines with elongate propodeal spiracles belong to the Disophrini and these have cleft claws.
Description. Head. Lateral carina on frons (as in members of Alabagrus) absent; interantennal space with a raised triangular prominence; gena not extended ventroposteriorly into sharp prominence; gena lacking sharp angle posterad eye; mandible dorsoventrally flattened; labial palpus with 4 segments, third segment reduced, less than ½ length of apical segment. Mesosoma. Propleuron weakly convex ventrally and lacking a sharp bump; notauli impressed, with or without pits or crenulae; posteroscutellar depression absent but sculpture usually present in this area; propodeum areolate rugose, usually with pair of longitudinal carinae and a transverse carina that define distinct areolae; propodeal spiracle large and elongate, more than twice as long as wide; sclerite between hind coxal cavities and metasomal foramen narrow but complete, its ventral margin situated ventral to dorsal margin of hind coxal cavities. Legs. Fore tibia lacking dull pegs; mid and hind tibia with blunt apical or preapical pegs; all tarsal claws with basal lobe. Wings. Fore wing RS+M vein mostly absent; second submarginal cell triangular and petiolate; fore wing 3RSb straight and strong throughout; hind wing r and r-m cross veins absent; hind wing vein CUb tubular as a short stub, or lacking tubular stub, with a long pigmented non-tubular extension; wings strongly infuscated. Metasoma. First median tergite longer than wide apically, with or without weak rugose sculpture and always with pair of longitudinal carinae; second and third median tergites smooth; second tergite with a strong curved transverse depression; ovipositor about as long as metasoma, slightly thickened preapically. Diversity and Distribution. There are two described species, Pneumagathis spiracularis (Muesebeck) and P. brooksi (Sharkey) new combination (original combination = Bassus brooksi Sharkey (in Janzen et al. 1998) ) and perhaps a few more undescribed species. The genus is widespread and rather common over most of the contiguous states of the US, south through the dryer regions of Costa Rica.
Biology. Parasitoids of skippers (Hesperiidae), P. spiracularis has 4 published hosts Cogia outis, Gesta gesta, Erynnis zarucco, Systasea pulverulenta (Marsh et al. 1979) and Pneumagathis brooksi new combination parasitizes 24 known species of pyrgine hesperids (Janzen et al. 1998) . Janzen et al. (1998) discuss other aspects of the life-history of P. brooksi.
Etymology. From the Greek agathis, meaning "ball of thread", and the Greek pneuma, meaning "breath". The latter word is a reference to the elongate propodeal spiracle (Fig. 5D) . The gender is feminine.
Molecular data. H1172 (COI: ATRMK483-11); H1173 (COI: ATRMK488-11)
